The paired-class homeobox gene, Rx, is important in eye development. In this study we analyze expression patterns of three zebra®sh Rx genes (Zrx1, 2, 3) in embryos and adults. All three genes show dynamic spatiotemporal patterns of expression. Zrx3 is expressed earliest, in the anteriormost region of the neural plate, in regions that give rise to ventral diencephalon and retinae. As development proceeds, Zrx3 expression is reduced in the lateral optic primordia, and is absent in the optic cup, but is retained at the ventral midline of the diencephalon, and is expressed in hypothalamus in the adult. As the neural retina begins to differentiate, Zrx3 is re-expressed in a subset of cells in the inner nuclear layer, presumably bipolar cells, and this expression is retained in the adult. In contrast, Zrx1/2 have a slightly later onset of expression, are initially coincident with Zrx3, but then become complementary, remaining on in the optic primordia but disappearing from the ventral midline of the diencephalon. Zrx1/2 are down-regulated as the retina differentiates, except in the outer nuclear layer where they continue to be expressed at high levels in cone, but not rod, photoreceptors. This is the ®rst transcription factor described that distinguishes between cone and rod photoreceptors. q
Introduction and results
Rx class homeobox genes have been identi®ed from Drosophila, zebra®sh, Xenopus, mouse, and humans (Casarosa et al., 1997; Furukawa et al., 1997a ; Mathers et al., 1997; Eggert et al., 1998) . Three Rx genes have been described in zebra®sh (Zrx1, 2 and 3), and two (Xenopus) or one (Drosophila, mammals) in other species. Zrx1 and Zrx2 are more homologous to each other (82% identical amino acid sequence in the homeodomain and the more conserved C-terminal region) than to Zrx3 (58% identity in the same region). In this paper we examine in detail the expression patterns of the three Zrx genes in embryos and in adult ®sh.
Expression of Zrx3 is ®rst detected by whole-mount in situ hybridization at 8±9 h post-fertilization (hpf) in the anteriormost neural plate, a region which gives rise to forebrain and retina (Fig. 1A) . As neurulation proceeds, Zrx3 expression becomes restricted to the lateral optic primordia and ventral medial diencephalon (Fig. 1B,C) . A few hours later, Zrx3 expression is gradually reduced in the lateral optic primordia, but is maintained at the midline in the presumptive anterior hypothalamus (Fig. 1D,E) . When the neural retina begins to differentiate during the second day of development, Zrx3 is again detected in a small patch of cells located in the ventronasal region of the presumptive inner nuclear layer (INL) of the retina (Schmitt and Dowling, 1999) . Expression gradually spreads across the retina as differentiation progresses, but remains con®ned to a subset of cells in the INL (Fig. 1F,G) . In retinal sections, Zrx3 expression is primarily localized to cells in the outer tier of the INL, which likely represent a sub-population of bipolar cells (Fig. 1H,I ).
The onset of expression (10 hpf) of Zrx2 is delayed by about 1±2 h compared with Zrx3, but the initial patterns of expression are identical. The onset of expression of Zrx1 (about 11 hpf) is slightly later than Zrx2, but their subsequent patterns of expression are identical. From 12 to 14 hpf, expression of both Zrx1/2 gradually becomes concentrated in the optic primordia, disappearing ®rst from the ventral diencephalon (presumptive anterior hypothalamus; Fig. 2A ) and later from the medial region of the diencephalon between the optic primordia (Fig. 2B,C) . As morphogenesis of the optic primordia continues, expression of Zrx1/ 2 becomes restricted to the presumptive neural retina (Fig.  2D) and disappears from the maturing retinal pigmented epithelium (Fig. 2E) . As the neural retina begins to differentiate during the second day, Zrx1/2 expression is gradually down-regulated, but it remains in proliferating cells in the circumferential germinal zone (Fig. 2F) . However, when photoreceptors in the outer nuclear layer (ONL) of the retina begin to differentiate, Zrx1/2 expression increases in the ONL (Fig. 2G±I) , following the spatiotemporal pattern of differentiation which originates in ventronasal retina (Raymond et al., 1995; Schmitt and Dowling, 1999) . The level of expression of Zrx2 is greater than Zrx1 in immature photoreceptors at comparable stages (Fig. 2H,I ), whereas the expression of Zrx1 is enhanced during maturation of photoreceptors (Fig. 2J, black arrows) . Expression of Zrx1/2 continues in adult retina, exclusively in cone, but not rod, photoreceptors (Fig. 2K,L) . All four spectral classes of cones (red, green, blue and ultraviolet; Raymond et al., 1993) express Zrx1/2.
The demonstration that Zrx genes are expressed in mature retinal cells is novel. In Xenopus and mouse, the Rx genes are down-regulated as the retina differentiates, and their expression has not been reported in the mature retina. A related member of the paired-class homeodomain family, 
